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© In a plasma vapor deposition reactor for deposit- 
ing an electrically insulating material using a DC 
sputtering process the plasma is stabilized, maintain- 
ing its sputtering efficiency, by provision of a secon- 
dary anode (22), preferably held at a positive bias 
with respect to the primary anode (15). The secon- 
dary anode (22) is shielded from exposure to the 
stream of sputtered material, yet situated close 
enough to the plasma discharge to attract electrons 
from the plasma to maintain its charge balance. In 
reactive sputtering, the sputtering chamber (10) con- 
tains both a sputtering gas, for example argon, and a 
reactive gas, for example oxygen. Positive ions of 
the sputtering gas bombard a target (17) of the 
material to be sputtered. Atoms of the target ma- 
terial, the sputtered atoms, are emitted from the 
target (17) in all directions into the chamber (10), 
some of them falling on the substrate surface to be 
sputter coated. At the surface or in the chamber (10) 
they chemically combine with the reactive gas. In 
the instance to which this invention applies, the 
chemical combination forms an electrically insulating 
coating on the substrate (19). The same electrically 
insulating material coats all other surfaces exposed 



to the flux of sputtered atoms. In an embodiment of 
the invention the positively biased secondary anode, 
being shielded from the sputtered atoms is not coat- 
ed by the electrically insulating material, thus main- 
taining its ability to draw electrons from the plasma. 




figure 1 
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BACKGROUND OF THE INVENTION 

1 . Field of the Invention: 

This invention relates to the plasma vapor de- 
position of a layer of an electrically insulating ma- 
terial on a substrate by reactive sputtering. More 
particularly the inventive method and apparatus 
permits the sputter coating to be done using a DC 
plasma discharge. 

2. Description of the Background Art 

Sputter coating is a widely used technique for 
depositing a thin film of material on a substrate. In 
one form of this technique, known as DC sputter- 
ing, positive ions from a plasma discharge formed 
between an anode and a target cathode are at- 
tracted to and strike the target, dislodging or sput- 
tering atoms from the target surface. Some of the 
dislodged atoms fall on the surface of the substrate 
and form a coating. In reactive sputtering a gas- 
eous species is also present at the substrate sur- 
face and reacts with, and in some embodiments 
combines with, the atoms from the target surface to 
form the desired coating material. This material is 
also deposited on any other surface exposed to the 
sputtered atoms. It is recognized in the prior art 
that if the coating is an electrically insulating ma- 
terial, such as a metal oxide, the build up of the 
material on other parts of the sputtering apparatus 
can cause problems. In particular, the build up of 
an insulating coating on the anode interferes with 
the ability of the anode to remove electrons from 
the plasma, as required to maintain the plasma's 
charge balance. This destablizes the plasma and 
interferes with controlled deposition. As a result, it 
is common to use a different sputtering technique, 
RF sputtering, to deposit layers of insulating ma- 
terials. However, RF sputtering is a less efficient, 
less controllable and more expensive process than 
DC sputtering. 

Pinarbasi met this problem when trying to de- 
posit layers of hydrogen-containing amorphous sili- 
con. His work was published as a 1989 doctoral 
thesis for the University of Illinois at Urbana-Cham- 
paign entitled "Growth, Properties and Electrical 
Stability of DC Magnetron Reactive Sputtered Hy- 
drogenated Amorphous Silicon Thin Films" and in 
Thin Films, 171 (1989) Pp. 217-233. To reduce this 
effect, Pinarbasi shielded the anode with a posi- 
tively biased anode shield to carry the electron 
current from the plasma. This reduced the problem 
enough to permit deposition of the experimental 
films. (See especially Page 26 and Figure 7). But a 
poorly understood transient effect, reported by 
Pinarbasi, indicates that the problem was not com- 
pletely under control. This problem could seriously 



impact long term use of this process, such as in a 
production setting. 

SUMMARY OF THE INVENTION 

5 

In the present invention a secondary anode 
electrode is included in the sputtering chamber and 
placed so as to be shielded from the stream of 
sputtered atoms. This secondary anode does not 

10 acquire a significant coating of electrically insulat- 
ing material and retains its ability to attract enough 
electrons from the plasma to maintain the plasma's 
charge balance. This permits efficient use of DC 
sputtering for deposition of insulating materials and 

75 avoids the commonly considered need to use the 
less efficient and less controllable RF sputtering 
technique. 

In a DC sputtering apparatus, an electric field 
is produced between a primary anode and a target 

20 holder, holding a target of the material to be sput- 
tered. The target and target holder form the cath- 
ode. The field ionizes the sputtering gas, held at 
well below atmospheric pressure in the sputtering 
chamber and forms a plasma discharge. Positive 

25 ions from the plasma are attracted to the target, 
strike the target and dislodge atoms from the target 
surface. The atoms are emitted in all directions 
from the target surface. Since these atoms are 
almost entirely charge neutral, their paths are 

30 straight and not effected by electric or magnetic 
fields. They deposit on and coat any surface on 
which they fall. They fall on the substrate to be 
coated, on the walls of the sputtering chamber and 
on the primary anode. If the deposited material is 

35 electrically insulating, for example, if the sputtered 
atoms chemically combine with reactive gas spe- 
cies also present in the chamber and at the pri- 
mary anode, an insulating coating on the primary 
anode interferes with its ability to absorb electrons 

40 from the plasma. The inventive placement of a 
secondary anode, shielded from the stream of 
sputtered atoms, prevents deposition of this coat- 
ing or reduces deposition below the amount that 
represents a significant problem. The secondary 

45 anode can, for example, be placed behind a shield 
member, in a recess, or behind a shoulder, so long 
as it is out of geometric line of sight of the target 
surface. The effectiveness of this secondary anode 
in attracting electrons from the plasma can be 

so enhanced by electrically isolating it from the pri- 
mary anode and biasing it positively with respect to 
the primary anode. 

BRIEF DESCRIPTION OF THE DRAWINGS 

55 

Fig. 1 is a side view in cross section of a 
sputtering apparatus of the invention 
showing a secondary anode shielded 
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from the target surface by a shield 
member. 

Fig. 2 is a side view in cross section of a 
portion of a sputtering apparatus of 
the invention showing the secondary 
anode situated in a recess. 

DETAILED DESCRIPTION OF THE INVENTION 

The inventive apparatus for plasma vapor de- 
position of films of an insulating material on a 
substrate uses the DC sputtering technique. This 
technique permits the use of a simple chamber and 
less expensive power supply than the commonly 
used RF sputtering technique. In addition, DC sput- 
tering permits more rapid and controllable deposi- 
tion. In this technique an electric field is produced 
between a positively biased anode electrode and a 
relatively negatively biased cathode electrode. The 
electrodes are situated in an evacuable chamber 
within which there is a gas (usually a noble gas, 
such as argon) held at a pressure well below 
atmospheric pressure. The electric field is strong 
enough to produce ionization of some of the gas 
atoms, acceleration of the ions in the field, collision 
with other atoms, and ultimately a sustained plas- 
ma discharge. The discharge region, containing 
both electrons and positive ions, is approximately 
charge neutral and maintains that neutrality as 
positive ions strike and are neutralized at the 
nagatively biased cathode and electrons are ab- 
sorbed by the positive anode. The addition of a 
magnetic field of suitable geometry and strength in 
the plasma region helps to confine the plasma to 
the desired region. This is known in the art as the 
magnetron technique. 

Sputtering, that is to say emission of atoms 
from a target, takes place when the target is placed 
in the path of the positive plasma ions as they are 
accelerated toward the cathode electrode. If the 
target is metallic, it may itself constitute all or part 
of the cathode. The energetic positive ions of the 
sputtering gas collide with the target surface and 
knock atoms out of the surface like struck billiard 
balls. They are emitted from the target surface in 
all directions. The sputtered atoms of target ma- 
terial will adhere to whatever they strike, such as a 
substrate to be coated. They will also adhere to the 
anode electrode, other structures in the chamber 
and the chamber walls. 

A deposited film of a combination of the target 
material and another chemical species can be 
formed by introducing the other species in gaseous 
form into the sputtering chamber. This is known as 
reactive sputtering. Chemical combination of the 
target species and the reactive gaseous species 
can take place in the chamber or at the substrate 
surface. For example, the ferroelective material 



known as PZT (lead zirconate titanate) can be 
deposited using a target containing lead, zirconium 
and titanium with oxygen in the sputtering chamber 
to form the oxide of the desired composition. Such 

5 oxide films have been commercially produced in 
the past by the less desirable RF sputtering tech- 
nique, because the insulating oxide coating also 
forms on the anode electrode resulting in plasma 
instability. The RF technique requires a high power 

70 (e.g. hundreds of watts) source of high frequency 
(e.g. 15 MHz) power and a chamber carefully de- 
signed to be electrically matched to the power 
source. In addition, the RF technique frequently 
utilizes toxic gaseous metal compounds as source 

75 of the film's metallic components. 

In the apparatus disclosed herein, a secondary 
anode is shielded from the sputtered atoms sup- 
pressing formation of an insulating coating. 

The secondary anode then maintains its ability 

20 to absorb electrons from the plasma and maintain 
the plasma's charge balance. This secondary an- 
ode can be electrically isolated from the primary 
anode and positively biased with respect to the 
primary anode to enhance its ability to attract elec- 

25 trons. 

An exemplary apparatus of the invention is 
shown schematically in Fig. 1. It is depicted as 
being cylindrically symmetric about a vertical axis. 
The DC sputtering chamber 10 is harmetically seal- 

30 ed so it can be evacuated by means of a pump 1 1 . 
A sputtering gas can then be introduced into the 
chamber 10 from a sputtering gas source 12. The 
sputtering gas is usually a noble gas such as 
argon. If desired, a reactive gas can also be intn> 

35 duced into the chamber 10 from a reactive gas 
source 13. The chamber 10 is usually considered 
to be the electrical ground reference of the appara- 
tus. 

The region 14, within which the plasma dis- 

40 charge takes place, is bounded by the primary 
anode 15, typically maintained at the electrical po- 
tential of the chamber 10, the cathode 16 support- 
ing a target 17 of the material to be sputtered, and 
the substrate support 18 holding a substrate 19. An 

45 electrically insulating seal 20 maintains the her- 
meticity of the apparatus and a DC power supply 
21 maintains the cathode 16 at a negative potential 
with respect to the primary anode 15. The mag- 
nitude of the negative potential needed to support 

50 a plasma discharge in a gas of a particular species 
at a particular pressure in a plasma region of 
particular dimensions, and how these qualities are 
related are well known in the art. Potentials in the 
range of 300 volts to 400 volts in, for example, 

55 argon at pressures in the range of 2 mtorr to 20 
mtorr with anode-cathode spacings in the range of 
one to ten centimetres are exemplary of such 
quantities. 
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The apparatus also has a secondary anode 22. 
Electrical connection to the secondary anode 22 is 
made through a hermetically sealed biasing means 
23. A bias supply 24 is shown as being variable to 
signify that the secondary anode 22 can be held at 
the potential of the primary anode 15 or at a 
positive potential with respect to the primary anode 
15 in order to enhance its ability to extract elec- 
trons from the plasma discharge. Positive voltage 
bias in the range from 10 volts to 200 volts can be 
effective, depending on other system from 25 volts 
to 100 volts. 

The secondary anode 22 is shielded from the 
stream of sputtered atoms coming from the target 
17 by a shield member 25. The shield member 25 
must depend at least far enough that all parts of 
the secondary anode 22 are out of straight line 
exposure to all parts of the target 17. Because of 
some scattering of sputtered atoms through colli- 
sions with atoms of the sputtering gas, it may be 
necessary for the shield member to depend some- 
what farther than this minimum substance. How- 
ever, if it depends too far, the shield member 25 
will interfere with the flow of electrons from the 
plasma discharge to the secondary anode 22. 
Heating of the secondary anode due to electron 
bombardment will also help reduce deposition of 
the sputtered material, causing the material to 
evaporate as it is deposited. The secondary anode 
may also incorporate a resistive element for heat- 
ing. Many different structural arrangements for 
shielding the secondary anode 22 from the stream 
of sputtered atoms would be apparent to an ap- 
paratus designer. For example, Fig. 2 shows the 
secondary anode 30 situated within a groove 31 in 
the member 32 supporting the target holder 33. 

Claims 

1. An apparatus for sputter coating a substrate 
(19) with an electrically insulating material by 
producing a stream of sputtered atoms inci- 
dent on the substrate (19), characterized in 

that the apparatus includes an electrically 
isolated secondary anode (22; 30) so situated 
as to be shielded from the stream of sputtered 
atoms. 

2. Apparatus of claim 1, 

including a primary anode (15) and a first 
biasing means (23, 24) for maintaining the sec- 
ondary anode (22; 30) at a positive voltage 
bias with respect to the primary anode (15). 

3. Apparatus of claim 2, 

in which the positive voltage bias is from 10 
volts to 200 volts. 



4. Apparatus of any of claims 1 to 3, 

including a shielding member (25) so situated 
as to shield the secondary anode (22; 30) from 
the stream of sputtered atoms. 

5 

5. Apparatus of claim 4, 

in which the shielding member (25) is metallic 
and is electrically connected to the primary 
anode (15). 

w 

6. Apparatus of any of claims 1 to 5, 

including a target holder (16; 33) and a second 
biasing means (21) for maintaining the target 
holder (16; 33) at a negative bias with respect 
15 to the primary anode (15) in order to produce a 

DC plasma discharge between the target hold- 
er (16) and the primary anode (15). 

7. Apparatus of claim 6, 

20 including means (12, 13) for introducing a 

sputtering gas and a reactive gas into a space, 
the boundary of which includes the target hold- 
er (16; 33), the primary anode (15), and the 
substrate (19). 

25 

8. Apparatus of any of claims 1 to 7, 

in which the secondary anode (22; 30) is 
heatable. 

30 9. A sputtering apparatus, comprising: 

a sputtering chamber (10) into which a 
sputtering gas can be filled; 

a substrate holder (18) located in said 
chamber (10) for holding a substrate (19); 
35 a sputtering target (17) located in said 

chamber (10) and biased at a first potential; 

a primary anode (15) located in said cham- 
ber (10) and biased at a second potential more 
positive than said first potential, whereby a 
40 plasma discharges between said sputtering tar- 

get (17) and said primary anode (15) and par- 
ticles sputtered from said sputtering target 
(17) deposit on said substrate (19); and 

a secondary anode (22; 30) positioned 
45 within said chamber (10) at a location not hav- 

ing a line of sight to said target (17) and 
biased at a potential more positive than said 
second potential. 

so 10. A sputtering apparatus as recited in claim 9, 

further comprising a shielding member (25) 
disposed between said secondary anode (22) 
and said target (17). 

55 11. A sputtering apparatus as recited in claim 10, 
wherein said shielding member (25) is biased 
at said second potential. 
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12. A sputtering apparatus as recited in any of 
claims 9 to 1 1 , 

further comprising a source of a reaction gas 
into said chamber (10), said reaction gas reac- 
ting with said particles to deposit an elec- 5 
trically insulating materia! on said substrate 
(19). 

13. A sputtering process, comprising the steps of: 

DC sputtering a target (17) comprising a io 
target material by biasing said target (17) neg- 
atively with respect to an anode (15), whereby 
portions of said target material are sputtered 
onto a substrate (19); 

positively biasing a secondary anode (22; 75 
30) with respect to said primary anode (15). 

14. A sputtering process as recited in claim 13, 
further including the step of reacting a reaction 
material with said target material sputtered 20 
from said target (17), whereby said substrate 

(19) is deposited with an insulating film. 
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